f G8J696LL LOZL E 


|| 


{ 


Digitized by the Internet Archive 
In 2023 with funding from 
University of Toronto 


https://archive.org/details/31/761119697852 


THE ONTARIO POWER COMPANY OF NIAGARA FALLS 


DESCRIPTION OF PLANT 


Walter J. Francis. 


atonal .& tetieW 


WaActer J. Francis & Company. 


ro Mre Je Allan Ross ' 
Copy FOR ENCLOSURE TO : (Index) 


Subject 


i 


Bieter lee) 6506066 sees sere cheer een Peene oe heeeamed een eeenneeence 


General Deseription of the Plant ee ee | 
Location PSC RR OSPR HEE SKRAKR SOSH RRR EH HERSEK SHLHTEHR EAS EEHKHOH BOE 
She Yesdvorks PEPE SSRRKRE SEHR REEFS HERE HEHE HEER HOE RH RHE ROE DO BEE 
ThE CONAUITE eecces ener eek e eee ONE RH RHE HERE NEN RN EOE ERO R OME 
The Surge Tanks RSL OA SEK KE HRAEEHMSHEEEHELRE WORRY RHC V AMR HEHE OEE 
The PORECOGKS once c cece ees en reese eReNe ORSON EH EE HEE ORO ORO 
Phe Power HOUSE ceescsseneeeeecereec es eer ee eesorenweevesesnee 


The Transformer ond Distributing Otetion csacevessrvesnrsceune 
fhe Hydro-Zigsctric Power Comet geion AAGICION eeesesenevesuvereeee 


fhe Trenemiacion Syste coekoss ea freeareocersessrssnonceeves 


Analysis of Gost of Hydre-Bivsetric Power Commission dddition e.«. 


& BE 6G OO PNM eRe 


Drawing Bow 1, Map showing General Location of the Development 1.» & 


Drawing Woe 2, General Plan of Power Plant with Conduit 
COMMOCTIONG sence eesen eee enn eenenennenennene 5 


Drawing No. 3, General Cross Section of Power Plant through 
Conduit and Pewer House at Waite 16 and 16 wese 7 


Drawing Boe 4, General Plan of Distribution System o<. as Leehaeds ai. 


ete Wiican i 


eure 


Hs cunenerd er eytcseones PAePeNPNeT TET 


daneeede es sceteanaenngeraeeg eee sol ont wn eat. 


Conese nereseedae HeOre re eeannhs sna eie HeGe RY Snes ® “ a 
Ohdnvetuyierromheesotecre bebe ge pe ; - Me oh 
eReePedewrtewnrmnoner’ ' rs Ts ql 


Pek eeer pr eneonnnes sock xasatdepivenyhabeanenoel@ : ; 
sterile Lal cedsaetauniecenes ten tacnaines — 
Seeer eee eee oh FON cee ere e ne ih 


of trae, sale ee ae 


PT LL LLL eee oreo naw ee oes owe 


Pe grb | 
seve Ul Soa eat he oom eh a tw Rey 
pisepieclon: s aeiege amatanitere RE 39 ust SS a ab: OE gakeoss 


Wacter J. Francis & ComPANy. 


Copy ror ENcLosure TOMY. Je Allan Ross. a) 


Walter J. Frenele. 


Eistorigal. 


The origins] plant of The (utaric Power Company of Niagara Falls was 
designed by Messrs. FP. WN, and lL. N, Numn and wos pat into service lemediate- 
ly after its completion 2 my continued the operation of the 
plant until it beoume fe WA dee fowor Commission 
of Ontario in 1917, since which period the plant has been opernted by the 
Commisgion through ite Cperating Departrent. 


The power house as originally laid out wee bullt by snocessive stages, 
amd the final addition was made in 1919. 


The plant {s loested on the Sanadien side of the Niagara Kiver in the im 
mediate vicinity of the Horseshoe Falls, the headworks being at the water's edge 
about a mile upatream from the Falla, and the power house, likewise at the 
water's edge, immediatly below the Faille. 
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The general location and arrangement of the plant will be seen by refer- 
enoe to Drawing Jo. 1, being page 8 hereof. 


The Headworkae 

The headworks consists ef an intake, an outer forebay, 2 sorsen house, 
an inner forebay and « gate house closely crouped together, and es a whole 
forming the entrance for the water to the main conduits eonveying it to the 
power plant, Ail the atructures of the headworks are of a permanent ohare 
acter, ballt of sonsrete, reinforoed conarete and artifiglal stoneworr, the 


principal batidings mC) Patent 


Three dhhergromed eouduite donvey the water from the heodworks te the 
pensiooks lending to the tarbines in the power house. he conduits are 
approximately 6,590 feet in length. Zhe alignment of the conduits 1s penera- 
lly parallel to the shore, severel handred feet laniwerds,and is by ourves 
of long radius, through a deflection of nearly ninety degrees to the right 
ae one travels from the houd-gates to the penstouks. Zhe conduits have a 
total drop of 26 feet from the hoad-gates to the penstocks with « erede 
which is almost uniform. 

The first of the eaduite to be constructed was made of steel plate 
and is desigmmted 4o. 1, It is the most westerly of the three, the general 
line of the conduits being in a northerly direction. hie sondult is of 
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siroular sestion with an interns) diameter of 18 feet. 

The second gondait which was built is constructed of reinforced eonerete, : 
and ia adjacent to aonduit No. 1 and om the river side thereof, 1 is known 
as gondwit No. 2. The section of conduit Ne. 2 ia that described technically 
as a “hydrostatic chord", and has an area equivalent to that of a circle 16 
feet in diameter. It was sonstracted in the years 1909 and 1910. 

The third comiait, known e¢ conduit No. 3, was completed in 1919, I¢ 
is adjacent to Ne. 2 end on the river side thereot. 4% is a wood-stare con 
duit of ciroaler wectlon, mousuring 15 feet 6 Inches in internal diameter. 

The water of the river is admitted te the conduits by means of Stoney 


sluice headagates, there ry pee for each conduit, all located 


in the gate~house. 


Three surge tanks, known oe Hoa. 1, 2 and 5, and locsted as shown on 
Drawing Bo. &, being pace 6 hereof, act ae regulators on the main conduits. 
The gonmectione of the surge tanka to the oumduits will be seen hy referenae 
to Drawingt Fo, 2. 

Sarge tank No. 1 was originally ballt in aonnestion with gondait No. 1, 
while sarge tank No. 2 was similarly constructed with conduit No. 2. Both 
are of monumental design. Surge tank Bo, 3 was sonatrected at the same time 
as conduit ao. 3, and is an exposed steel tank $9 feet in diametor, of atili- 
tarion design correncponding to an ordinary municipal waterworks atand~pipe. 
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All the surge tanks are loested on the natural surfuse of the rising 
groumd between the top of the cliff amd the hilleide a short distance land- 
wards. 


Zhe Lenstockse 


Sixteen steel penstoaks convey the water from the conduits to the main 
unites im the power hoase, one pensteck for each main unit. the arrangement 
of the ponst oaks ami their intereonnections to the soudults will be seen by 
reference to Drawing No. 2, a typical seation being that of the penstock for 


main Unit Mo. 15 as shown COPY. included as page 7 hereof, All 
the penstooks are of ated in arete which entirely fills the 


shaft excevated therefor in the rook. The penstecks for main unite Hos. 1 
to 12 inclusive aro 9 foot in diameter; for main unite Nos. 13 and M4, 9 feet 
6 inthes in diameter; and for Nos. 15 and 14, 19 feot 6 inches in diaseter, 
On exch of the penstocks immediately below the conduits there is «4 controll. 
ing valve, that ou the penstocke for main waite Sos. 1 to ll being of the 
gate type and for Sos. 12 te 16 of the Johnson plunger type. 

Specinl penstecks lead from aonduit No. 2 to the twomunit exciter plant 
in the power house independently of the main units, 


ihe power house lodated at the water's edge at the base of the eligg is 
about 750 feet in length. It is a fireproof structure bailt of reinforced 
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concrete. The roof trusses are of steel, the roof slab is of reinforsed con- 
orete with the exposed surface of the roof finished in tiles. 

In the original plant there were fourteen main unite in addition to the 
exeiters. Sater, main units Noe. 16 and 16 were added, ‘the tarbine rating 
of main units Bos, 1 to 7 le 11,800 horae-power; of Nos. 8 to 18, 16,900 
horse-power; and of Nos. 15 and 14, 16,900 horse-power each. ‘The turbine 
rating of Sos. 15 end 164s 18,999 horse«power each, All of these units are 
of the hovigontal~shaft type, and the turbine head is about 190 feet. he 
generators are set with the shifts in tho seme horisontal plane about 5 feet 
above the power house floor, and the centre of the rotor of every generator 
is placed in the aame stright 

& two-unit exeiter plant is losated between main unita Boss 10 and 11. 


om end to end of the plant. 


4 gallery on which the sovernor mechaniem ig iosated extends from end 
to end of the taliding at on elevation of abort 10 feet above the power 
house floor. 

The draft tubes diseharge directly over a weir into the river. 


The general relation of the various parts will be seen by reference to 
Drawings Dos. 2 and 5, 


Thea transformer ami distributing stution of the plant is lcoxted on top 
of the Ail] about 609 feet frum the top of the cliff at the rear of the 
power house. Comumication is established between the power house and the 


trenaformer atation by tunnels and by shafts wherein elevators are iustalled. 
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The location of the anall entrance baildine beelde the premensds smd roadway 
may bé seen on Drawlug lic. 2, while the general losntion of the trensformer 
house oud distributing station on the hill will be seen hy veference te 
Drawing Ho. 1. 
Vhe distribating station ie « fireproof bailding several stoxvfes in 
7 height, of oruste design, ani situated in groande besuti*aily laid ent. 
a j She walléing eentaine the ewitehine, operctiny and control apparatus, 
aS ell as the high teusion equigment. 


Daring the yeors 1918 and 1919 the AydrneMisotris Power Commission of 
mtario wade the last lwportast addition to the plent, consisting of tho 
installation of tvy auwplete waits in a building waieh wae a ont Lmuation 
of the original power boase tn @ uertherly direstion, tha original northerly 
weil forming « dividing wall betvowa tha older part of the plant and the new. 
The tvo now units were designated Mo. 15 and Ke. 16, sontiming the noman~ 
Giature of the erigian] plant so that mighine He. LE was adjacent to the 
@ividing well, He. 16 osaupyiug the mare uevtherly pestion, ach of tha 
twe new unite hed a turbine rating of 18,099 horse-power, and was generally 
similar in type end design te the originel units. Beth generators ware set 
as before with the rotor in the same line ae all the ethers, bot at an sleva~ 
tion 10 feet lower, 

The sabstracture and the walle of the addition were of eousrete, and 
the floors ani galleries were of reinforced concrete. ‘the roof alab was 
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likewise of reinforced concrete, and was supported by steel truss girders. 


Unit Moe 16 and Umit Yo. 16 were of the seme capacity and were identical 
im detsil, The turbines and the generators were manufactured by the same 
firms, part by part. ‘he turbine of each unit is a horisontal-shaft, double 
spiral causing, Freneis turbine, and the generator of each unit is an alter« 
nating current generator of 16,000 kilovolt~empere capncity at 7S per cent. 


power factor and st 12,600 volte. 


The turbines ware manufactured by the 3. Morgan Smith Co. of York, 
Penneyivenia, ani it ia understood thet they were originealiy Intended for 
the use of @ French Aluminuy dorfortich, Water becoming the property of 
fhe Aluminum Company of 4merion. Owing to a change in the proposed plan of 
development, The Aluminum Company finally decided not toe use the turbines, 
and by rutual arrangement they were accepted for uae in the new addition of 
the plant of The Ontaric Power Company of Niagara Palis. The srrangement 
was concluded in April, 1916, and the turbines were erected during the early 


part of the year 1919. 


The generators were manufactured by the Canadian General Riectris Com 
pany, Poterberoush, Ontario, on & special order for the work undar date ef 
damupry 12th, 1918, end wore erected during the firet half of the yoar 1919. 


The governors were manufactured by The Lombard Geverner Cos, Aghinand, 
Meoseechugetta, and the renainder of the machinery for the aiditien was 


aupplied by standard makers. 
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Yor the operation of these two units the Hydro-ilectric Power Commission 
provided for em additional conduit, Bo. 5, of woodestave construction, to 
eonvey the water from the inteke works to the plant. This conduit, with its 
own surge tank and ponstocks, provided 4 supply of water for the new addition 
independentiy ef the older portion of the plant. Otherwise, all the conditions 
were similar to these obtaining in the older portions 


fhe total aost of the addition together with Units Mos. 15 and 16 and the 
auxiliary plant, and the comiuit, surge tenks, ami penstocks was §3,614,686.62. 
The contract price of the two ganorators complete and ready for service was 


nae COPY 


Wnit Noe 16 cormenced operation on dune Ord, 1919, ond Unit He. 16 on 
August 12th, 1929. 


The distribution system was under the control of a wubsidiary sompany ef 
fhe Ontario Power Company of Niagara Falls styled fhe Ontario Transmission 
tonpany, Limited. 

fhe map on page 11 ¢hows the district in which the output of the plant 
was distrilmted, ani it indicates aleo in a diserammatic way the location of 
the tranemission lines and the voltage when the system was acquired by the 
Rydro-Blectric Power Comelssion. The high tension and the low tension sub- 


stations are aleo shown thereone 
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¥or convenience of reference a series of four tables is attached hereto, 
containing on snalyais of the cost of the addition mde te the plent Im 1918 
and 1919 by the Hydro-leatric Power Cowmission. Phe headingsor the various 
tables are self-explanatory. The references to estimated quantities and costs 
relate to the estimate made by the Hpdro-lleetria Power Commission in 1927, 

I have studied the elrowstances which led up te the contruction of the 
addition, ultimately known as conduit Ho. 3 and Unite 18 and 16, and I have 
gone over the matter carefully with the engineers of the Hydro-Qieatria Power 


Comuission, who have CO py’ figures given in the tables, 


The addition as originally conceived involved only the uee of the residual 
capacity of the fourteen installed units of the plamt, sald te be approximately 
£5,909 horse-power, eusceptible of reclamation by reducing the hydraulic head 
losses in conduit Mo. 1 and senduit Mo, 2. Comprehensively, therefore, thie 
project comprised the installation of a third wood-stave pipe line of sompara~ 
tively small diameter leading from the available sonmnestion at the gate-house 
and following along the surface contours as far ne prantieshle down te a con~ 
nection with Bo. 2 surge tank. This plen would have rellevred the obnormal 
dreft on conduit Ho, 1 and conduit Ko. 2, thereby increasing the head on the 
turbines. 

Waile the ebove project wes uwier invertiention, it ie stated that the 
lows requirements for munition work became so urgent that the Kydro-Dlestric 
Power Commission ouddenly desided to purchase two second-hand turbines from 
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The Aluminum Company of America and also to bay two new generators for con- 
nection thereto, This decision resulted in the deletion of the factors which 
entered into the original intowiien of the addition, and the whole problem 
became one Of quickly installing « water connection between the headworks 
and the new tarbines with safflelent independent oapacity therefor. This 
Poe invoived the wuilding of a wood~stave conduit, amd it wes decided to adopt 
r & pipe of the same diameter as the largest hitherto tailt, namely 15" 6*, 
The engineers of the lydro-Slestric Power Commission say that they did not 
feel justified in advancing beyond the precedent of inataliing o pipe larger 
than 15° 6" in diameter, beamise of the serious damage to Park property whieh 
would inevitabiy vesalt, &: sehont-ds Yo large quentity of water involved, 
if a failure were te oor. 
the use of pipe of thia sice eliminated the possibility of goneraliy 
using the surfaces centours, as had been intended for the @aaller one, and 
gonsequently a larger yardage of exeavation wau Involved. The engineers say, 
moreover, that there was no time for the mexing of surveys and borings or 
for the preparation of detailed plans, and o11 studies and estimates had to 
be made on the busie of such data as were available in the orlginel files 
of the Ontario Power Company. “ho essential plans for construction and 
installation purposes had te be isgued while the construction work ws 
aotually under way. 
fhe sise and leestion of the new wood-steve pipe line, xnowm ag Ho. 3, 
geused the “ueen Victoria Blagara Falls Park Commissioners to require the 
backfilling of about three thousand lineal feet of the line. The magnitude 
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of the pipe and ite resultent inability to vetulm ite eireulur form under 
heavy outside pressure made it necessary to place a concrete envelope around 
the section to be bugkfilled before the baskfilling wma placed. 

Under these circumstances it wag not possible to determine the relative 
proportions o7 earth and vosk exexvation or the location of such obstractions 
as duct-lines, water pipes and ao forth, or for any of the detalled information 
o goneerned in the works for the surge tank and the addition to the power house 

building. The uncerteinty in the matter of rock quantities also of neceasity 
resulted in a sluilar uncertainty in conerete yardage. 

te seve time, the approximate weights and dimensions for the steel plete 
work were figured from on is) othe Qutarle Power Cempany and tenders 
were Gilled for on the basis of flat rete per pound for metertal to be 


subsequently estimated ond ordered, 
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Toronto, Warch ith, 19285. 
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Yature of York Quantities 


WOOd Stave Pipe sscoveonseveeswseeserveseeevteunns 6,533 Lineal Foot ecssceres 
Sxeavation, Herth CORR OTRO HAR EHR E ERODES CREE RO EEE 96,526 Cubic Yards ee neeeeens 
Bxpavation, ROGK 0040000000 600000 06408 os 80004 00d 49,124 Cubic Yaris POH ESR HES HE 
Concrete, Hage 

Gonorete, Reinforced seserecerconecseneeeveceooe§ 8,048 Cablio Yards svveseesee 
Backfil1 SHEERS ECR OEES HEHEHE EHR EREHEE ROSH R ERE EE 79,809 Cubis Yards eee ee eee 
fop Dressing CEM TO PETE OEE EE ROO EER ER ERE HEHE ROR HOH 49,800 Sqmare Yards eevceesee 
DEGING os escensneareaneereeeersnebereennseeeoeeees 11,259 Lineal Foot essessssve 


Steel CEPR EROE ERE RE DHE OEHEN EERE TERED ER BEKO OWE 166.9 Tons PELE Ter 


Recavation, Bavth seccesesenséecsececeesesanesnave 677 Oubic Yard sesessesen:! 
Baoavat ion, ROOK sevesveveeeveeggee: a eR ee 1,920 Cubic Yards essresesee 
Conevete, Mess and Reinforced one nem ane 1,006 Cubic Yards rerrerery 


Basie ii SHOCKS EH RECO ERO REC OH OR ee ween cease eee eeeneee, 


PENOLA GLEE HET EHMRER EHR D HOD OOO ESHER SE MO Ew hal ae OCR CRE EHH) 


xn Vat LOT» BAPE ceceeveseeeeecndescenseveseescees 266 Oubic Yaria deme ee eee) 


Excavation, BOOM oecedveveanenss Fee RORER OREO EEO EE 1,185 Cubie Yards Tee eee ee 2 Tl 
Concrete, Moss ami Roluforced osexsseeeevesasveves 499 Gubia Yards eesseeeeesi 


Backfill ee ee ee ee ee eee ee ee ee iad Pere eer err sr || 
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eee ec eee eee eee ere ee ee eS Te eT ee ~ al COREE REDO HY 

Stecl POLE CETTE OEM OK REE ER ORERS CORRE S5103 Tone eRe eee ews 


Eesavation, Sarth Cece eee eee eee eee ee ee ee ee ee es 59S Cubic Yaris een een eaeed 
Bacavat Lony Roak ee ee ee ee a 2 | 763 Gubis Yarde PREM ES Oe wy 
Concrete, Mase and Roluforaed asssscastescaateuces 161 Gublio Yaris «ssesseeens 


Brickwork RUTHER E RET ERK OOR KEENE ERE RDO RHR ORE CEOS 5 Cubic Yards ee eena eee ed 

Baekriil eee eee ee ee ee ee 2 ee ee al - POREH SOHO ON 
Yalve Chambery 

Steel THEREON EOE OREO ETH AT RHEE OE RERSR RB ETH CHM S405 Tons OPV Cee HORE 

Johnson Valves CeCe eee ee ee ee ee ee ee ee ee ee ee es 4 eR ORO REY 


Rucavation, Rook RERERORERER ODER ONE RPRHS ERO RK EHO HEY blz Cubic Yards CeO ROHR EHD 
Concrete, Mass ond Reinforgod svetsesesseussesecse 696 Cubic Yards eer eee ee 
FLOPS, CONGIOGE acewsecoceeisereonraesseeseeevees 1,261 Square Foot secsessenaa 
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Direst Costs 


Indlreet Costs 
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Unit Costs 


$71.70 per Foot 
1416 te Cubic Yard 
S92 yor Cubic Yard 


25-82 per Cubic Yard 
1s89 per Gubic Yard 
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65400 per Ton 
2085 per Cubic Yard 
4e21 por Cubio Yard 
34.79 per Cubic Yard 


e44 por Gubic Yard 
9629 por Cubic Yard 
B2.69 por Cubic Yard 


179041 por Yon 
5.36 por Cuble Yard 
7.01 por Gable Yard 
#197 per Gubic Yard 
1.88 per Cubic Yard 


220466 per Ton 


150,856.66 tune OF yGS4016 Baoh 
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29024 per Cubic Yard 
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Yabure of York Quantities 


BEGO] eseerersereseeseeeseeeeeeenesersevesvesoaces 310.3 Tons Serer enewe 
Excavation, ROGK 60 6 ees cnkeenceo0en8eee nkeeeeeend 2,756 Cubic Yards sesse cesses) 
Conayvete, Mase and Reinforead esesesssceveresvone 1,725 Cubic Peer ewan’ 


DLOLUS 660004 4s 6466004040 N0Ss HOSE CON OER CREE OE - - evo eee eee 


29,824 Oubic Yarde «ceevenses 
CORGPWEG 456.0050 060 66th Gh 00s 048 264d 0084000884 RO OE 5,892 Cubic Yards essscacces 
ps ek & ee ee ee ee ee er ee re 2,716 Gubic Yards ee eeeee eee 


COMEDGRE 6 0466005 0000600440006004808 006 0bs0 see 2,475 Cubic Yards eee eeerene 
Ploors, Conareto sssceveevenens * sianeenn 5,870 square Foet wc sseessed 
'e . , : 3 
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Direat Costa Indirect Coats Total Unit Costs 


hevee © 60,970.04 Sceaks $ 7,988.00 eoenee $ 86,955.04 . oe eeeun $206.67 per Ton 

penees TePTG Bd onxesee  Gyh7Os00 avoeee 11,149554 ¢eneeon 4.05 per Cable Yord 
veee BBy1GReBD vevees 15,155.00 seeeee “AG,207089 aeeiene 26084 per Cubic Yerd 
een. 7 ypSB9s7S orecee $y919200 eenewe 10,599.73 eebeeed | ~ 


pe oe 94,625.87 Perr 96,389.00 ee eee 191,212.87 devices 440 por Cubic Yord 
ine ew 177606274 enone 794188499 ee hone aA? 691071 ROR HER 42004 per Cabic Yard 
| oeee 9,846.81 ‘eeae ee S, 769.00 ee eee ey ere eee en ee Ae BD per Gubli« Yard 


peewee FH yABICI0 wencee BL y444000 waseee 120,004.00 seevere 44:89 por Guble Yard 
TPT eee ee cee itt etree eee eT ere, eT ie : PUNT EN EERE EET RH ODED EHEEE ODO SO eR 
eeee = BeyGB761O sevens 4870000 ¢ : LO enesens sat per Ton 

eens = ROGBORIE aoesne By16H000 ceance 26,967.92 re rrer 


feeee 276,285036 oocess DO, 965000 vececs WE6,220086 wicis.s “ 
benee BD gP7RsB4 cecees 45360000 cccaes R6,831084 CONE OM ON TRH OE eHEN DOOR e RH EO HES 


Pry Ts 1.780075 ssacus BE0000 avavee ReLGAVE 6cdesevedcednsdinsseensedouaee 
bili bgbGCeZl cannes 950009 seaces BBlSe2] cocrvcsenenveeodnreonseeneeene 
ORs 454.40 inicin 60.99 eee ecw 554.40 PRERGEROD WERE CERT EERHRHEH KER OOD 
lesen. 565 ,647.48 teens 27 954.00 eeeeoe 598,801.46 cubdeddibaaménbckihaucssditie 
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¢2,977,085.00 $515,496.70 94092 9529.70 
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Construction Plant and Nachinery «...sseus $87,607.47 


Construction Railways escescssacenevennece 87,687,00 
Construction Rosdwaye «occewerscvanvvavess 18,196.92 
Construction Power, Light and Telephone +. 64,060,456 
Construction Water and Sanitary Systems «.« 15,970.75 
Construction Compressed Air Systeme eossee 29,701.20 
Construction Plant Maintenance ess.eccesee 115,361.29 
Auxiliary Plant OQperati QP ae 142,342.74 
Pests and Inspection eeccorcveervvevesesen 8086024 $615,064.06. 


Temporary Bulldings - Credit 0367.34 CEH RODEO HOO HE 367.34 
Total cescosecns $515,496.70 


Expenses Seeuring Labour «+++ 2,009,8% 
Police Protection seesseeess 4355720056 $45, 750639 
Field Engineering and Superintendence asses 69,780.97 


Myaranlis avececesnsesescaens GB,774e01 
WLOtrical essunesnnvnavonae 22,467 019 61,241.20 


Administration including Interest 
Guring construction «eseceevesovenenensans 240, 826671 
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Hatare of Work Unit ‘uenant 1 


Wood Stave Pipe oni Saddles «+ Lineal Foot ..ccoes 6,590 ‘eae 3 Ce 
Excavation, Barth ) essscessse Gubic Yards APPAR T THRE A SEES EEESERESO RETOUR SO EO SS aH 
Recovation, Hogi | esscesscus Obie Yardp «scesss 169,000 205,000.00 «| 
Backfill ) aveveseonsree Oabte Yaris Peete eee ee ee eee eee ee ee eee ee eee ees 
Zep Droawing | eessnscecnes Sqtare YARIS 1 ++cdsasrsareveeneseseenecssrecesceses 
Oonerete FLERE REM OHR ER ERR OE Gaubica Yards PL eeee ee eee ee eS ee  e 
Draing PPT CHEER EEE EE HHH YD Lineal Feot Otte eee eee ee ee ee 2 eo) 


Diptriputor | 
Steal RTEREHFO TERE HEC AHH OEE Tong TREE ERE Oe 133 25,940.90 1604) 
Expavation, Barth «+escese. Cublo Yards PPE c eee eee eee Cee eee ee ee ee ee ee 
inavation, Rock scssseeens Coble Yards TILIA LILLE Te Terre 
Backfili PRR O KER EHEC ERE Gubiea Yaris POONER TORE ERE H EHO EERE RHE ES RRR OY 


Conerete Pee TTC Tee ee ee Te i Oe ee 


Steel i.e ee ee ee Tons PPR RH ER ORS 297 «8 43,389.00 166.¢ 
Resovation, Barth ««.essses Gubio Yards Pte Cer eee eee eee eee eer eee 
Keopavation, Bogic eoccvessve Gable Yaris PERE EON EE EU NS OREM HERE ENE RROD Re ON 
BOGKEIL] sessnrsnseaeeseene Subic Yaris COTTE CEENT ENO EOD EER SE ME CERO WH eee ee, 
Brigiwerk eee ee ee ee ee | Cubic Yards ORME FER EOD OER TREO ROT AE KER OKO NEED Oe Oe 
COMMVOCO cenvccveesossceses Citble Yards Jee ee ee eee ee Cee ee eee eee Te eee! 


os Se | 


Buoavation, Barth ¢veesesee Gabie Yards ieee Pee eee eee eT cee ee rere eee eee 
Zmnavation, Rook Peete eo ee Gubia faxda OttjiUtjGCtCtiCHttCC eet eee ee eee ee es 2 er 2 
Backfill SHH HSH RRR EEE EHS Cubbie Yaris SREONE REET EEDA THEE SEHK EER ERD ER Ew 


Cousrete OREN O De OD Cubia Yards CPN EERSTE ETE OR ETRE RRR ee 


POMBMAON TEAVGS sec scnscessresesenweerseeesbaseunes 4 180,000699 B2,50004 


Steel } SFR ee eee Tens fe ee ee | to 25,994.00 ee eeeeee 
Tixgavat ion, ROOK | wensesee Sabla Verde «sseeos Gaambities Teeter s| 
Conarate ) sececoee Gudia Yortio s.se04 Botimeted oreennes 


Stoel RRASHE HKALE DE REE RD He Tone See eee HH 201 36,180.00 16000 
Exaavation, BOGK sivasnssce Cubic Yards #ivesse 1,300 21,990.00 109 
Consrete SRM H CREO E HE ES OE Cubic Yarda e+e eee 1,100 14,600,.00 13.8 


Drains SHPO OHO HERR RHEE EE TORE CHE HEED ETN SH EHR NE HH EOE OE EET CREE EER ORO Oe ROS 


Miele “Pa aieen s ag ON IG oc Bk em Fah agen Se | FY 
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- yrs e ThcTd dense deecnneee conser edneeunoeennenenee 
* 96 , Bas LolG seenreeresereeeneeeeeeeeneseeennwenaws 
* ‘9 124 senerecie S92 ee ee ee ee 
POORER PERERA REN ERS EEE HER REE OR OH 199009 } $144,579.89 & 1-80 
Fe Dociaalialecleciaiac tad slil dade th taladedtleh Malad delete ited iis ae 


Mrerer Tiere ttre te ee ett te) 6,048 298, 860079 25.338 
FeeCee eee eneedeenenneeeereereeconeenes 115289 6,691.89 0.80 


ad 156.9 57,996.91 $68.00 SEE ERO HEHE RE CEO EH EER HOH HOHE RS ODO OH 


Peete te te ee eee re eee ov? 1.4927 +64 R65 
PRESSES ORAHARA TERRE THEORET HR ER ERE ORE aed 6,080.84 Se2l 
Sereretrerrrr Teter err eer reece eee ry | 6,823.17 


baal 
ae geamammnaaamaaamciia i en Y 94,922.04 S4e079 


| * $51.5 69 441.405 179041 PERERA E SHAH EEE REOH AE CHEER ER SHEER ORO 


Peery) ieee ee er eee 59S 1,989.95 BBG 


(HEHE ONE HE SEES EER RE THEE REE EER OE HR 763 6,347.28 7-01 
Pee TT TTT eT TET eT TT Tee PEPER SHER sad S, 280.29 loud 

SERRE OEE ONE TEE HAH OR EERE ORT HH OO ew 6 259 0490 $1.06 
PEAR EEA RER ERT EERE EEE HAH READER ORE HE HE 161 S$, 837 «18 21.97 


BEER EERE RH EET RHEE EEH EERE ET EHEEH AE HOR aG6 Sh2.27 144 
HER ERSTE HS EHH EH DR ee Re Ok ee ee ee 2,106 11,152.52 9.89 
GRRL FREE NTHM EEE EMER RASH EB OH EO HER EOE sical 234.95 - 


Terre TT eererT Trine, Cette Te 499 16,212.90 2.69 


‘# 4 160,536.65 37 634.16 FRCP OE SHAE EA ATE KEERRRE REE TER OR EH EAH E 


* B48 7 845.23 228.66 BECKER ERES ESTER ERE HERRERO A HEHE HO Oe RH 
ae 812 1S, 282619 16.29 PEE EES TTR ERE OE EOE REE ESS OG Oe Re 
696 80,407 89 R9.c4 ERO RPAH STEEL TERS EER HRERH ERA DO EHREEE 


‘. BL045 88,986.04 266.67 PF HER ERROR EASE EKAT EDEN DEERE ECO ROOD 
2,766 13,149.24 ee OS LENT HERR OKOKER eR ER OTHE OOH Rw 
+ i +725 46,297.69 26284 ROSNER E SESE ERE EER ERERO HHH OCH H EE DES 


APPR STEER H OHNE OEH SEDO RET EERE HERE 10,890.73 “ 
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+ Watter J. Francis & Company. 
Cory ror EncLosure to Me de Allan Ross. 


Mature of Work Unit 


~ $224,000.00 


2 170,000.00 985,000.69 
10,000.00 - 
~ B 4009200 - 


1 


ey 


‘Steelwoxc thane beeekiinns TONG enecevsaveveve } 
Com rote eben coeeeveuenen Orhtc Yards He ORO HM } ~ 100,000.00 wm, 
Miscellaneous, Roofing, QEOs Seewendesonesenees 


xg 


543 4 ip wy, 
| 2 5564172009 268, OK 
é Kh, Oot DE. CMe ow | 


PF .0f8 Y 
VASRAEROEESSESORESTE NSE RE RESORT ROLES OH ONEME LES EHORES SEO OHE EM 


POR OOCE EEO EMR OAR OOS ~ 149040. 00 = 


am? oF ‘ a iy ve Go b thy j i 
4 i BO 0 J Wha iar 1 FE oe Proce Mk 5 Pn 
Ji 3 ey BE VOnie yar seat dhe se. 
sett CTS TTA NianNNbsttlttiritcnnmniairtinitineett nna miasiiainanabinehiiiiiipesalaaimeal 


Gy 710 ,212600 ; 


Engineering PESTA REOPE HOHNER ODOM HOHE CORR OR ONE EOE Y ORR OHO 195,022.50 e908 8 
Spegial Var Protcetion CS RPASRASLTDS LT ENNEHES SE LAROORO EET EORMD DOT EEDERED OSE OR HEM 
Administretion and Interest less Unclaimed Was PH OREOHE EST OO EH EERE HORSE HH OEE RS 


“ponds A $2 815,235.09 
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23 624 $15) ,212.87 y be PATCH TORRE SER EERE ORCC EH ESO REED 
13,306.81 . 4e eet rrr ee eee ee ee Te eer Tere er 
“$8,692 247 691071 42404 ttt ioe ee ee a ee 2 | 

& 186,220.56 c 959110016 ARATE CAEL Terre Terr eer 


a ORGIES OS ot me eanened enews deadilences D0beoaecenté 


See figures for Drains uniler various hemlings. PROC O RRO R OREO MEH RE 
Pee ee eee ee) - 145510.56 ” No quantities 


Oe TCT ICT eCe Cet eT reer rT Tree oF : OP y 26,331.84 ~ 


14605 29,,857610 201-75 CAHRED OHO RO RHR O EH MERE e eeu eNOo HENS Includes 
2,476 110,094.00 § 44689 one vosedeneseeesoonserereneneccacs Ploore and 
- BG, 967298 oo hee een Wee edee Dee eeneesedieenneee BOOS. dis 


2 ms 698,001.46 ROE 49000 74 POET ERE EHO TERTERR ERE HEE ROKER RO MOEA 


ELLE LLL LCT err Tce ~ - 43,946.67 - 


- 6 4.95036 f hi ee ee ee | 


$24562,090029 $608 Aes 


$3,092,529 .65 


; Shenoee 131,922.17 2 eae ae Se Ee ee SERRE HERA HED SAHR EHD GH 
i Mh aati rk x i 2 j é 
THREE REO E RO OEE OH OAH ih ee ee ee ee ee 454720089 
THREES EERE OEE ESEREHRERRESH ESR EH HEHE OK HO HEH YH #49 059074 


$2,712 ,060+47 $797 , 261.48 
O-cAvok >) $9509, 821095 
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Ratimated Aotual Unit 
Bature of Work Difference Amora 
QRantitios Quant ity Cost ° 
Yood Stave Pipe se. 6,506 Line?t. 6,833 33 $71.70 § 2,366.16 
a Uxcavution, Barth « 160,000 Cu.Yic. 96,526 ¢r.53,474 116 Cre 62,029.84 
Excavation, Rock «a. cad 49,124 49,124 Be92 192 , 566,08 
Steel ee ee ee dd : 123 fone 166.9 26.9 366,00 9,483.60 


Stee] seven wevanuws COP a 33.8 176.41 6,064.06 


“Steel Aeneeedeuense 201 Tone $16.3 109.3 286.67 $1,383.03 
COnGrete eensanacee 1,100 Cu.¥ds. 1,725 625 26.84 16,775.00 
PaoRiryouur Sul 
Exeavation, Bouk* . 24,000 OusYds,. 29,824 &,824 4548 26,091.52 
COMAPete*® aevensees 2,600 Cosc¥de. 6,692 3,292 42.04 136,395.68 
BaexLill*® esensenes - 2,718 2,718 4289 15,291.02 


SS77 772 098 


 * Setimated quantities for Substructure assumed as under, to amount to 
$124,000.00 

Excavation, Rogk oe 24,000 Credits at 03 000 = £72,000.00 

Conerete seesesacese 2,600 Gus¥is. at 26.00 = 82,000.06 

Backfil1 CREASY @ - heal Sad ne “ 


$124,000.00 
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